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This report deals with an application of linear response theory to
experimental data of simultaneocus radiation and armealing response
of  a  CMOS device. In particular, we apply the method we bave
developed earlier toa determive the characteristic time, tos A
well as  the parameters A and C in the 1In(t) deperndence of  the
lirnear response function K(t):

R{t) = -0 + Alntl-t/t,). 1)
Ouwr method is based on & study of the lirear respornse forr £, . '
whern R{t) can be expanded in a power series of t: -

R(t) = R{O) + R? (Mt + 1/2R" (M2 + 1/3RP"TOHEI + ... (&)

where R (0) and R"(O) are, respectively. the first arnd secord
derivatives of R with respect to t. At the point t=0, RO is
Rit=0).

To find the lirnear response, one needs to substitute R{t-t7) i
the form of Eg. (2) into our pgeneral equaticon for the shift of the
threshold potential:

t

OV {t) = DIR(twt')dt’, (3
O
where D is the dose rate (here conmsidered to be oconstant).
Substituting Eg. (&) into Eg. (3), we obtain

t t
AVIE) = DR JdE? + GR?P (O3d (Lt~ )dtr +
O O
t &

+ l/EDR“(O)j(t*t’)edt’ + L/73DRY MOy (bR 3dt? v L. (4)
0 . @]

Intenratinno, we obtain
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V(L) = Deoe ERIO) + 1/72RY (Mt ~ 1/6R" (ML — 1/24RP " ()3, (5)
where Dioe = DI{t) = btu
Irn particular, for the 1n{t) depernderce,
Rit) =& ~C + At/t.) —1/2A /6,08, (&)
oy comparing Eq. (6) and Eg. (3,
R(D) = —-C, R {O) = A/t,, R"(O) = —-A/t,2 and R?"{O) = ZA/t.3. {7

We obtain the following expressicon for the shift of  threshold
potential by substituting Eag. (7)) into Eg. (5@

SV(E) = Deae [-C + 1/2R(t/ta) — 1/6AE/t,)8 — 1/12AE/t,02 0, (8)
where t (< ta.
It is movre convenient to deal with the shift per unit dose:

VL) /Do = @ + &yt + agt®, {

Wi

where the constants are
a, = —~Cv ay = A/Zte, @ = —A/BEt,2. {10
For the general case, we have
a, = RO), &, = 1/ZR'{0), ag = —1/6R"{0). {10a0

T test  owr method, we plarnmed and participated iv  irradiation
experiments conducted ov RCA 108 rad-hard CHMOS ICs at the Goddard

Space Flight Center Radiationm Facility. We chose a dose rate
equal to approximately 130 rads/min. firi IC was irradiated with

60 pgamma rays  For several o, taking measwrements of the
threshoald potential {(evaluated at a drain current of 300 uwR) for
one n-charrmel and one p-charmel transistor every ten minutes.

One carn expect a livear deperdence of 6VIE)/Deasy for small times
wher

apt®/a.t = t/2ts (¢ 1, (11)
o
t (( to /3.

The first three points showed the lirnear deperndence of SV (t)//deos
(20 min.) in both cases. bhut the fourth point deviated from that
dependence. From this., we could conclude at once that t. 2 3t =
30 mir. Ivi ather words. that t. was betweer ore and two houwrs,
We uased the lirnear part of the curves (the firet 2-3 opoints) to
fimd a, arnd &, . and we then used the rnext part of the curve to
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firmd ae. The constants a; and ae allowed us to calculate to and
s

teo = —1/3 a,/ae
A= ~2/3 a;®/ae. (1)

For the p-charmmel transistor, we found ts, to be approximately 110
miri. and for the n-chamel, t, & 70 min,

For the p-charmel, the theoretical curve,
SVIE)/Deae = @ + ayt + apte,

deviates from the experimental points only after 70 min., which 1s
O.64ts, and for the ri—charmel, the deviation takes place after 45
miv., which is also 0.64t,.

For the rn—charnrnel, we then plotted a more precise theoretical
curve, adding one move term, azt3:

(SV(t)/Dggg = Ae + a,t + agte + a;t’.
The value of a; was found from Eq. (10) and (10a):
Az = 3/2 ag®/a, = 0.00196 © 0. 002, (13)

We plotted this improved cuwrve to t = one bowr, which gives t/t, =
0. 86. There is v goint in continging the curve furither, since
the condition t/t, 2 1 must bold and the expansion {Eg. (&)) is
definitely rnot valid beyond this point. In any evernt, ocuw purpose
was to analyze the repgionm t/t. 1.

It is worth rmoting that ouwr lack of data on the dependence of R{t)
arn dose rate and temperature at this point prevents development of
the micrascapnic {(aquantum) theory of armealing.

If we find that, 1V SoMeE CASES, R{t) does not possess a  lwit)
dependence (Eg. (1)), o method still allows us to find the value
of RL) and its derivatives at t = O throungh Eag. (5). Rgain, by
cornducting experiments for different dose rates (or temperatures),
one can obtain  the dependence of R0), R (0) and R*"(0) on these
variables. Sirce R (0) ig proportional to 1/7t, anmd R" Q) is
proport ional ta 1/t.2. we can determine the deperndence of t, Sy
temperature or dose rate.

The case of puwre armealing can be treated in the same way.
Instead of Eqg. (3), we will use ocur gerneral eguation:

tw

AVIt) = DJRE-t")dtr. (145
O

Substituting Eag. () in Eg. {(14), we ohtain
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OF POOR QUALITY + 1/72R"(O) (¢® - tt, — 1/3%.%) +
+1/3R* " (0) (3 — Ztet,. + tt.®2 ~ 1/4%t.3)7 {159
o
GVIt)/Deoe = RIO) = 1/ZR? )L, — L/GR"(O)t,.® ~ L/743R7V{NDE.* +
CR? (0) — 1/8R"(Mt,. + R?"{O)t,.2lt +
(L/ZRR" (D) — 1/78R?P"{0E,.)0t8 +
L/Z73RY " ()£, (1&)

Sirce we are concervned with the case t./t, (< 1, Eag. (18D carn be
simplified:

dV(E)/Deoare = RIO) + RT ()L + 1/72R"{OEE + 1/3RY " (O3, ¢17)

In particular, for the Ini{t) dependence, we substitute Eg. (7) into
Eag. (17) and cbtain

SVIE)/Deoe = ~C + Alt/to) —1/23RA(E/to)® + E/73R(E/1,)3 (18)
Thev, as in the case of simultarecus irradiation and amealing, we
carn, in principle, determire a,, a, and a. from experimental data.
We carn then calculate t., and RA:
te = —1/2 a, /&
A = -1/ &% /ae

C o= —a,. (1%)
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